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SPLIT GRADIENT COILS FOR MRI SYSTEM 

BAClfflRpgpP Of THE HTVTOTIQW 

This invention relates to gradient coils for encoding a 
magnetic field within the bore of an annular magnet assembly 
suitable for operation in a magnetic resonance imaging (MRI) 
system and, more particularly, to the provision of an arrangement 
of gradient coils having a siplit at the site of a radio -frequency 
(RF) field excitation coil of the MRI system for minimization of 
RF coupling between the excitation coil and the gradient coils. 

One form of magnet assembly in general use in the 
construction of an MRI system employs a coil disposed in the bore 
of the magnet assembly for excitation of the RF field which, 
along with the magnetic field in the bore, interacts with a 
subject to obtain a nuclear magnetic resonance (NMR) signal 
employed for generating an image of the subject. A shield 
encircles the excitation coil to isolate the excitation coil from 
other coils, including gradient coils which are located outside 
of the shield for generating and encoding the magnetic field in 
the bore . 

A problem arises in that the shield, while being effective 
to reduce coupling between the excitation coil and the gradient 
coils does so by attenuating the RF field produced by the 
excitation coil . This attenuation is greater when the excitation 
coil is closer to the shield. This requires that a space be 
provided between the shield and the RF excitation coil. 
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SUMMARY OF THE TWyi^T IOKr 

The aforementioned problem is overcome and other advantages 
are provided by a construction of a gradient coil with a 
configuration characterized by a split or open region between 
sections of the gradient coil wherein the split or open region 
breaks up the natural path that the currents in the shield would 
flow due to the RF field excitation coil in the bore region of an 
annular magnet assembly. This is of particular significance in 
the bore region of an MRI instrument. At the split, the 
configuration of the gradient coil is free of a wire or 
electrically conductive element which would serve to complete a 
closed path into which a current would be induced by the RF 
field. The reduction in RF coupling from excitation coil to 
gradient coil is sufficient so as to allow, in some applications, 
at least a partial removal of the shield, and/or a placing of the 
excitation coil against the shield or against the gradient coil,, 
for a savings in space within the bore. The reduced coupling 
between the excitation and gradient coils allows the gradient 
coils to be positioned more closely to the excitation coil. This 
permits the magnet material which encloses the bore, as well as 
field control coils including the gradient coils, to be brought 
closer to the subject being imaged for more efficient use of the 
electric power applied to the MRI instrument . Also, a reduction 
of power consumption by the MRI instrument may be available while 
retaining a desired clarity of outputted image. Alternatively, 
the reduction in RF coupling from the excitation coil to the 
gradient coil can allow the bore to be made larger, while 
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retaining the overall size of the magnet structure, for improved 
accessibility to a patient. 

By way of example in the construction of the coil assembly, 
the excitation coil is in the form of a solenoidal RF excitation 
coil . The gradient coils are referred to as an X gradient coil , 
a Y gradient coil, and a Z gradient coil. The locations of the 
solenoidal excitation coil and the shield are arranged 
symmetrically about a longitudinal axis of the bore. 

Typically, in the prior art, it has been the practice to 
construct the X coil as a set of four sections extending along 
the bore axis wherein the four sections lie outside of the 
excitation coil with the shield disposed between the excitation 
coil and the X gradient coil. Each section of the X gradient 
coil follows the cylindrical surface of the shield and of the 
bore. The four sections of the X gradient coil are disposed 
respectively above the subject, below the subject, to the right 
of the subject, and to the left of the subject. In each coil 
section, the portion of the section wherein the conductors extend 
in the axial bore direction are active in controlling the X 
component of the gradient . 

In the invention, the X gradient coil ia constructed of only 
two coil sections, one of the coil sections being at the right 
side of the bore and the other of the coil sections being at the 
left side of the bore. The same active control regions of 
current path are retained in the invention by enlarging the side 
sections X gradient coil and eliminating the top and the bottom 
sections of the X gradient coil. This creates the desired open 
region at the top and at the bottom of the X gradient coil of 
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the invention for reduced interection wich ^ Rp ^ 
aectione o t the modified X gredient coil provide. the seme current 
sheets in the «U1 direction of the here. while eliminating the 
preeence or electricel conductor, extending i„ trensverse 
direction, across the top end bottom po r tio„ a of the bore . „ hich 
transverse conductive pacha are introduced in the prior ert by 
the preeence of top a „d bottom coii sections . Th e invention 
avoids the concretion of the cloeed electrically conductive 

path into which electric currents can h. , „ 

urrents c a n be mduced by the RP field. 

It is noted also that -in *-v^ 

so cn a t, in the c a se of the prior- ar t 

arrangement of the gr a dient coil. I-*.- . . 

ent cons, that capadtive coupling may 

exrst. by „ ay o£ example, between a section of the X gredient 
=orl, located et the top of the bore, end opposed sections of the 

or z grad ient coils. The construction of the 
avoids this capacitive coupling of the p r ior a rt. which coupling 
aiso can serve aa parts of a closed electrical path. By virtue 
of the reduced inductive and capacitive coupling provided by the 
invention, the gradient coils are substantially free of loading 
the excitation coil. and substantisliy f re<! of any induced 
disturbance current component to the RF field. A more accurate 
i-ge is developed with greater efficiency in ter™ of electric 
power . 



With respect to the v gradient coil, it is the 
the prior ert to construct this coil of two sections, one to the 
left of the subject end one to the right of the subject, the two 
sections lying outside of the shield and within the confines of 
the circular cylindrical surface of the bore. In the invention, 
the two sections are reconfigured to provide for an increased 
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spacing between the two sections at the top and at the bottom of 
the bore so as to attain the desired open regions for reduced 
interaction with the RF field emanating from the top and the 
bottom sections of the excitation coil. 

In the case of the Z gradient coil, it is the practice in 
the prior art to construct this coil of plural sections disposed 
sequentially in the axial direction and on both sides of the 
subject. In the invention, the coils are configured to have a 
greater spacing between the coil sections at the left side of the 
bore and the coil sections at the right side of the bore, the 
spacing being at both the top of the Z gradient coil and at the 
bottom of the Z gradient coil. This provides for the desired 
reduction in interaction with the RF field with the gradient 
coils. 

In the gradient coil arrangement of the invention, 
connection between gradient coil sections of the right and left 
sides of the bore are made only at one end at the bottom of the 
bore, this arrangement of the interconnecting electrical 
conductors further reducing any induction of current from the RF 
field. 

The above -described arrangement of the gradient coil also 
allows for an RF excitation coil to be made as a vertical saddle 
pair. The aforementioned splits in gradient coil structure break 
up the natural current path that the saddle excitation coil would 
generate. This design provides the same benefit for the saddle 
excitation coil as the solenoidal excitation coil. 
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BBIBF DK8CRIPTIQM nv m nWyp ro 

The aforementioned aspects and other features of the 
invention are explained in the following description, taken in 
connection with the accompanying drawing figures wherein: 

Fig. 1 is a stylized view of an MRI system including coils 
constructed in accordance with the invention; 

Pig. 2 is a stylized perspective view, according to the 
prior art, of a bore region of the system of Fig. i, Fig . 2 
showing a shield and a simplified view of coils in the region of 
the bore, a portion of an RP shield being cut away to disclose 
details of an excitation coil; 

Fig. 3 is a stylized axial sectional view, according to the 
prior art, of the bore region showing the coils of Fig. 2; 

Fig. 4 is a diagrammatic end view of the bore region of the 
system of Fig. 1 for an alternative embodiment of the system of 
Fig. 1 wherein a shield as been eliminated, Fig. 4 showing 
locations of various coils which are energized in the operation 
of the system to produce an image of a subject; 

Fig. 5 is a view similar to that of Fig. 4 showing the 
preferred embodiment of the system of Fig. i employing a split 
shield having an elliptical cross section; 

Figs. 6-8 are diagrammatic views of gradient coils disposed 
about the shield of Fig. 4, wherein the Y gradient coil assembly 
is shown in Fig. 6, the X gradient coil assembly is shown in Fig. 
7 , and the z gradient coil assembly is shown in Fig. 8; 

Figs. 9-12 show schematic views of coil sections disposed on 
one side of the bore, wherein Fig. 9 shows the x gradient coil. 
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Fig. 10 shows the Y gradient coil, Fig. n shows the 2 gradient 
coil, and Fig. 12 shows a bias (Bo) coil; 

Figs. 13-16 show interconnections and arrangements of a full 
set of each of the gradient coil assemblies wherein Fig. 13 shows 
the X gradient coil assembly, Fig. 14 shows the Y gradient coil 
assembly, Fig. 15 shows the Z gradient coil assembly, and Fig. 16 
shows the bias (Bo) coil assembly; and 

Fig. 17 is a stylized view of a coil assembly constructed in 
accordance with an alternative embodiment of the invention. 

Identically labeled elements appearing in different ones of 
the figures refer to the same element in the different figures 
but may not be referenced in the description for all figures. 

PBTAILED DgsPRTyrxOT 

Fig. 1 shows an MRI system 20 having a housing 22 which 
encloses a permanent magnet assembly 24 (indicated in phantom) 
disposed about a bore 26 for receiving a patient (not shown) 
which serves as a subject to be imaged by the system 20. 
Extending from the housing 22 is a table 2 8 having a movable 
platform 30 thereon for supporting the patient. Upon translation 
of the platform 30 into the bore 26, the patient is located in 
the bore whereupon the system 20 becomes operative for providing 
an image of subject matter within the patient. Also included 
within the bore region of the housing 22 are gradient coils 32, 
indicated in phantom, and an RF shield 34 of split configuration, 
(also indicated in phantom) which surrounds the bore 26. The 
invention is applicable to both circular and elliptically shaped 
bores and, by way of example, is disclosed herein with respect to 
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an elliptically shaped bore because such a bore provides for a 
more efficient use of the space within the bore for the imaging 
of a human subject. The invention is applicable also to magnets 
of other geometries, such as superconducting magnets and shielded 
gradient coils. The permanent magnet assembly 24 is constructed 
of nonconductive elements so as to prevent formation of eddy 
currents and to avoid attenuation of gradient fields and RF 
fields. The permanent magnet assembly 24 may be constructed of 
12 segments 36, each of which is fabricated of bricks of magnetic 
material as disclosed in copending patent application entitled 
"FULL BRICK CONSTRUCTION OF MAGNET ASSEMBLY HAVING A CENTRAL 
BORE" by Paul Domigan et al, attorney docket 10.73S. 

With respect to the construction of the bore region, in 
accordance with the prior art as depicted in Figs, 2 and 3, there 
is provided an RF field excitation coil 38 disposed within an 
encircling cylindrical RF shield 34C of the bore 26 (Fig. l) . 
The shield 34C of the prior art is not split as is the case with 
the shield 3 4 of the invention, described in Fig. l and to be 
described subsequently with reference to Figs. 5-8. Disposed 
exteriorly of the RF shield 34C is a pair of Helmholtz coils 40 
and 42 which generate a large, static, substantially homogeneous 
magnetic field 44 within the imaging space of the bore 26. The 
magnetic field 44 extends in a direction parallel to the 
cylindrical axis of the shield 34C and to the z axis of a 
Cartesian coordinate system 46. The excitation coil 38 is 
constructed as a saddle coil having an upper section 38A disposed 
at the top of the bore 2 6 and a lower section 3 8B disposed at a 
bottom of the bore 36. Other prior art systems employ a 
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solenoidal excitation coil (not shown) . In the coordinate system 
46, the y axis is directed in a vertical direction of the bore 26 
of Fig. 1, and the x axis is directed in a horizontal direction. 

With reference to Figs. 4-8, there are shown details in the 
construction of the various coil assemblies in accordance with 
the invention, these coil assemblies including a Y gradient coil 
48 which is an assembly of four coil sections identified as Y1A, 
Y1B, Y2A, and Y2B (Figs. 4, 5, and 6), an X gradient coil 50 
which is an assembly of two coil sections XI and X2 (Figs. 4, 5, 
and 7) , and a Z gradient coil 52 composed of an assembly of four 
coil sections, namely, coil sections Z1A and Z2A (Figs. 4, 5, and 
8) and coil sections Z1B and 22B (Fig. 8). To facilitate the 
description, the gradient coils x, Y, and Z are shown as solid 
lines in Figs. 4 and 5, while the excitation coil 38, and a bias 
coil 54 are shown in Figs . 4 and 5 by dashed lines. Also, it is 
noted that the shield 34 (Figs. 5-8) may have a circular cross- 
sectional shape, as generally employed in the prior art, or an 
elliptical cross-sectional shape as is employed in a preferred 
embodiment of the invention and shown in Figs. 1 and 5-8. By 
virtue of the split configuration of the coils, adequate 
isolation between the excitation and the gradient coils can be 
obtained for some applications even without a shield as shown in 
Fig. 4. 

The bias coil 54 of the invention, which operates in a 
manner similar to the Helmholz coils 40 and 42 of Figs . 2 and 3 
of the prior art, is located exteriorly of the shield 34 and is 
fabricated as an assembly of two coil sections Bl and B2 disposed 
respectively on the right and the left sides of the bore 26 
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««■./. «-«. The coil aectione Bl and B 2 cooperate with tho 
permanent Mgost assembly 24 (Pig . „ in esClblishlng precis 
desired value of homogeneous agnatic fiald ln che bore 26 ^ 
™ain .acetic M had a direction ^ to the a!cis Qf ^ 
bora 26. The , ajor contribution to tha magnetic field is ma de by 
the magnet assembly M . and the c<jU s< conCributea a ^ 
component to the magnetic field, the bias field being 
electrical!, adjustable to attain the retired field strength for 
an accurate image of the subject. The current in the bias coil 
=« max be aitered also for adjustment of the field strength to 

compensate for temperature effects in , k 

re attects in the magnetic remanence of 

the permanent magnet assembly 24. thereby to compensate for a 
possible source of error an d insure a high quality of the image 

As shown in Pig. 5. the Y gradient coil 46 is mounte d 
outside of the shield 34". and the sections VIA and Y1B are 
disposed on the right side of tha bora 2* and to the exterior of 
the shield 34 with the section «* being above the section „» 
end the sections y 2A and Y2B are located in tha corrasponding 
Positions to the left side of the bore a.. The x gradient coil 

Md * 9radient " ■» —"d outside tha shiel d 3, Th a 

XI coil section is located to the right of the bore 26 and the X2 
coil section is located to the left, of the bore 26. The coil 
sections Z!A and Z1B are d isposed serially in tha direction of 

«2A and Z2B are disposed serially in the direction of the z axis 
on the left side of the bore 26. 

in accordance with the invention, it is recognized that 
there may be coupling of the BP signal from the excitation coil 
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38 to other onea of the coils, auch as the gradient coils 48, 50 
and 52 as well as to the bias coil 54. Such coupling can be 
reduced by increasing a spacing between the excitation coil 38 
and the other coils, as well as by introduction of the continuous 
shield 3 4C (Figs. 2-3) or the split shield 3 4 (Figs. 5-8) between 
the excitation coil 38 and the gradient coils 48, 50, and 52 and 
also the bias coil 54. As noted hereinabove, the presence of the 
foregoing coupling requires that a space be maintained between 
the excitation coil and the bore shield so that the RF field is 
not attenuated in the bore. Generally, it is not feasible to 
greatly increase the spacing between the excitation coil and the 
other coils because of the consequent increase in the necessary 
space which must be energized with the magnetic field, and used 
by the subject. 

Further, in accordance with the invention, the RF coupling 
is reduced by a rearranging of the electrical conductors of the 
gradient coils 48, 50, and 52 and of the bias coil 54 to produce 
a relative positioning of the coil conductor elements which 
reduces the RF coupling. In particular, this is accomplished by 
a splitting of the gradient coils 48, 50, and 52 and a splitting 
of the bias, coil 54 as is shown in Fig. 5. The : shield 34 
introduces a significant reduction of the coupling and, by virtue 
of its split configuration, also reduces attenuation of the RF 
field produced by the excitation coil. In contrast, use of the 
shield 34C of the prior art would introduce significantly more 
attenuation of the RF field produced by the excitation coil. 
Less attenuation is obtained also by the splitting of the coils.. 
As shown in Figs. 4 and 5, the top and bottom sections 38A and 
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38B of the excitation coil occupy relatively little of the space 
at the right and the left sides of the bore 26. On the other 
hand, the gradient and the bias coils 48-54 are located primarily 
at the right and the left sides of the bore 26 while allowing for 
a major portion of each of the top and the bottom regions of the 
bore 26 to be free of the gradient and the bias coils 48-54. . 
Thus, there is no complete path for image current in the gradient 
coil. The breaking up of the image current path reduces the 
attenuation of the RF field produced by the excitation coil. 
Thereby, in accordance with the invention, the MRI system 20 is 
able to provide images with higher accuracy and resolution than 
has been possible heretofore, with greater efficiency due to the 
decrease of the RF attenuation, and a larger patient bore. 

Fig. 9 shows construction of the XI section of the X 
gradient coil 50, wherein a relatively large single coil extends 
a substantial length of the bore 26 (Fig. i) in the direction of 
the Z axis. The two sections, XI and X2 (Figs. 4 and 5) are each 
formed by the wiring configuration shown in Fig. 9. The 
arrangement of the winding in Fig. 9 allows the various branches 
of the conductor to be located away from the central regions of 
the top and the bottom of the bore 2 6 while providing adequate 
control over the X dimension of the magnetic field gradient for 
encoding the magnetic field, thereby to identify the location of 
an image point from which an NMR signal emanates for the 
production of the resulting image. 

Similar comments apply to the description of the Y1A and Y1B 
sections of the Y gradient coil 48 of Fig. 10 wherein the various 
conducting branches of the coil are withdrawn from the central 
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regions at the top and the bottom of the bore 26 (Figs. 4-6). As 
shown in Fig. 10, the Y1A and Y1B sections of the coil extend the 
length of the bore 26 along the Z axis with the section Y1A being 
above the section Y1B. This arrangement of the coil sections Y1A 
and Y1B enable generation of the Y component of the gradient 
magnetic field for suitably encoding the field as required to 
identify the location of the source of an NMR signal . 

Fig. 11 shows construction of the Z gradient coil 52, the 
figure showing the coil sections Z1A and Z1B disposed serially in 
the Z direction along the length dimension of the bore 26 (Figs. 
1, 4-5 and 8) on the right side of the bore 26. The conductive 
elements of the coil sections are withdrawn from the central 
portions at the top and the bottom of the bore 26 for reduced 
interaction with the excitation coil 38 while providing adequate 
control of the Z component of the magnetic field gradient for 
suitably encoding the magnetic field. The foregoing construction 
of the coil sections Z1A and Z1B', as shown in Fig 11 , are 
employed also in the construction of the corresponding coil 
sections Z2A and Z2B on the left side of the bore 26. 

In Fig. 12, there is shown one section Bl of the bias (Bo) 
coil 54 disposed on the right side of the bore 26 (Figs. 4-5) . 
The section B2 of the bias coil 54 for the left side of the bore 
26 is constructed in similar fashion to the section Bl as 
portrayed in Fig. 12. The two sections Bl and B2 extend the 
length of the bore 26 along the z axis (Fig. 1). The conductive 
elements of the coil 54 at the top and bottom portions of the 
coil 54 have been withdrawn from the central regions at the top 
and the bottom of the bore 26 for reduced interaction with the 
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excitation coil 38. As shown in Fig. 12, there is a 
concentration of conductive elements extending in the transverse 
direction of the bore 26 at both the front and the back regions 
of the bore 26 while, in the case of the conductive elements of 
the coil extending parallel to the Z axis, these elements are 
spaced apart in the transverse dimension of the bore 26. This 
arrangement of the conductive elements of the bias coil 54 
enables the current in the various conductive elements of the 
coil to produce the desired bias magnetic field with the desired 
degree of homogeneity. 

The foregoing description of the gradient and the bias coils 
4 8-54 apply to both the embodiment of the invention shown in Fig. 
4 wherein there is an absence of shield in the bore 26, and to 
the embodiment of the shield 34 in Fig. 5 wherein, in accordance 
with a preferred embodiment of the invention, the shield 34 is 
split into a right section 34A and a left section 34B. The two 
sections 34A and 34B lie within the regions of overlap of the 
excitation coil 3 8 with the gradient and the bias coils 48-54 as 
well as within the regions occupied by the gradient and the bias 
coils 48 and 54 about the periphery of the bore 26. However, in 
the central portions of the top and the bottom of the bore 26, 
wherein there are no conductive elements of the gradient and the 
bias coils 48-54, the construction of the shield 34 has been 
simplified by omission of shielding material at the top and the 
bottom portions of the bore 34. 

It is noted that interconnection of one coil section with 
another coil section in any one of the coils 48-54, whether the 
two coil sections be on side of the bore 26 or on opposite sides 
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of the bore 26, requires no more than a single electrically 
conductive wire or element. Connection between coil sections on 
opposite sides of the bore 26 can readily be accomplished by use 
of a single conductive wire located at the bottom of the bore 26. 
This eliminates the presence of an electrically conductive path 
at the top of the bore 26. Furthermore, even in the connection 
of the coil sections by a wire at the bottom of the bore, such 
connection by the single wire is distinguishable from the 
multitude of wires extending between opposite sides of the bore 
26 in prior- art configurations of coil windings. 

As a result of the invention, in both the embodiments of 
Figs. 4 and 5, there is reduced RF coupling, as noted 
hereinabove, between the excitation coil and the other coils, 
namely the gradient and the bias coils 48-54. Such reduction in 
coupling reduces the need for the relatively large spacing of 4-5 
centimeters to a substantially smaller spacing of 0.5 centimeters 
between the excitation coil and the shield. In addition, the 

reduced coupling permits a closer spacing of the gradient coils 
to the subject within the bore 26, thereby reducing the overall 
volume of imaging region that must be energized with magnetic 
fields. This results in a more efficient use of electric power 
in operating the MRI system 20 of Fig. 1. Alternatively, if 
desired, the original overall dimensions of the magnet structure 
may be maintained and the available space in the bore for a 
patient may be increased. 

Conceptually, by reducing the extent of the excitation coil 
in the crosswise or x dimension of the bore 26, there is still 
less chance of interaction between the excitation coils and the 
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gradient coils. With such a configuration, adequate accuracy of 
an image may be produced by the system 20 even in the total 
absence of the RF shield. This permits an even closer spacing of 
the gradient coils. In addition, the elimination of the shield, 
as shown in Fig. 4, also eliminates a source of eddy currents 
which are induced in the shields. This provides for improved 
accuracy in the generation of the image. With respect to such 
eddy currents, it is noted also that the split conf iguraticn of 
the shield 34 of Fig. 5 provides for reduced generation of such 
eddy currents, as compared to the continuous configuration of the 
prior-art shield 34C disclosed in Figs . 2 and 3 . it is noted 
also that the coil configurations of Figs. 9 - 12 are intended for 
use with the elliptic configuration of the bore 26, and that a 
similar configuration of coils is readily adapted for use with a 
bore having less ellipticity and even a bore of circular cross- 
section, it should be noted also that the aforementioned 
concepts can be applied to shielded gradient coil sets used in 
superconducting MRi systems. 

With reference to Figs. 13 and 9, Fig. 13 shows 
interconnection of two sections of the X gradient coil assembly 
wherein each section is constructed as shown in Fig. 9 , and 
wherein the two sections are disposed on opposite sides of the 
bore, and extend from a bottom region of the bore to a top region 
of the bore while being spaced apart from each other at the top 
and the bottom of the bore as has been described hereinabove. 
The two sections extend in the axial direction of the bore from 
the front of the magnet assembly to the rear of the magnet 
assembly. m the coordinate system shown in Fig. 13, the Z 
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direction is along the bore axis, and the X direction is 
circumferential around the bore. 

With reference to Figs. 14 and 10, Fig. 14 shows 
interconnection of four sections of the Y gradient coil assembly 
wherein two sections are constructed as shown in Fig. io, and 
wherein the two sections of Fig. 10 are disposed on one side of 
the bore and the remaining two sections are disposed on the 
opposite side of the bore. The two sections of the y coil 
gradient assembly on the one side of the bore extend from a 
bottom region of the bore to a top region of the bore. The two 
sections of the Y coil gradient assembly on the opposite side of 
the bore extend from the bottom region of the bore to the top 
region of the bore . The coil sections are spaced apart from each 
other at the top and the bottom of the bore as has been described 
hereinabove. The four sections extend in the axial direction of 
the bore from the front of the magnet assembly to the rear of the 
magnet assembly. In the coordinate system shown in Fig. 13, the 
Z direction is along the bore axis, and the X direction is 
circumferential around the bore. 

With reference to Figs. 15 and 11, Fig. 15 shows 
interconnection of four sections of the Z gradient coil assembly 
wherein two sections are constructed as shown in Fig. n, and 
wherein the two sections of Fig. li are disposed on one side of 
the bore and the remaining two sections are disposed on the 
opposite side of the bore. The two sections of the Z coil 
gradient assembly on the one side of the bore extend from a 
bottom region of the bore to a top region of the bore. The two 
sections of the Z coil gradient assembly on the opposite side of 
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the bore extend from the bottom region of the bore to the top 
region of the bore. The coil sections are spaced apart from each 
other at the top and the bottom of the bore as has been described 
hereinabove. The two sections on each side of the bore are 
located serially in the axial direction of the bore from the 
front of the magnet assembly to the rear of the magnet assembly. 
In the coordinate system shown in Fig. 13, the Z direction is 
along the bore axis, and the X direction is circumferential 
around the bore. 

With reference to Figs. 16 and 12, Fig. 16 shows 
interconnection of two sections of the Bo bias coil assembly 
wherein each section is constructed as shown in Fig. 12, and 
wherein the two sections are disposed on opposite sides of the 
bore, and extend from a bottom region of the bore to a top region 
of the bore while being spaced apart from each other at the top 
and the bottom of the bore as has been described hereinabove. 
The two sections extend in the axial direction of the bore from 
the front of the magnet assembly to the rear of the magnet 
assembly. In the coordinate system shown in Fig. 16, the Z 
direction is along the bore axis, and the X direction is 
circumferential around the bore. 

Fig. 17 shows an alternative configuration of coil assembly 
56 suitable for use with a superconducting magnet, the coil 
assembly 56 including a spitting of coils and shield in 
accordance with the inventive concept described above. The coil 
assembly 56 is split into two sections 58A and 58B which are 
separated by a gap 60. The coil section 58A comprises a section 
62 of shield coils, a section 64 of generating coils, and a 
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section 66 of shield. The coil section 58B has the same 
construction as the coil section 58A. The direction of the main 
magnetic field is along an axis of the assembly 56 as is 
indicated by an arrow 68. A set 70 of excitation coils 
(indicated in phantom) is located at the. gap 60, and extends on 
both sides of the gap 60 within bores 72 of the shield sections 
66. The set 70 has four excitation coils 70A-D which are located 
respectively at the top, the bottom, the right side, arid the left 
side of the coil assembly 56. In the coil assembly 56, the 
shield coil section 62 and the generating coil section 64 each 
contain three coils comprising X, Y and Z gradient coils of 
different configuration than the configuration of the gradient 
coils described hereinabove to accommodate the different 
direction of main magnetic field. 

It is to be understood that the above described embodiments 
of the invention are illustrative only, and that modifications 
thereof may occur to those skilled in the art. Accordingly, this 
invention is not to be regarded as limited to the embodiments 
disclosed herein, but is to be limited only as defined by the 
appended claims . 
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CLAIMS 

What is claimed is: 

1. A system for exposing a subject to both magnetic and RP 
fields comprising: 

a magnet assembly having a bore for receiving the subject, 
the magnet assembly producing a magnetic field within the bore! 

an excitation coil for exciting an RF field within the bore; 

and 

a set of gradient coils constructed for inhibiting flow of 
image currents produced by said excitation coil, said inhibiting 
being accomplished by a breaking up of current paths attained by 
a construction of individual ones of the coils of the gradient 
coil set in separate coil sections, wherein a split is provided 
in the gradient coil set to inhibit a flow of image currents. 

2. A system according to Claim i wherein, with respect to 
any one of said gradient coils of said gradient coil set, a 
gradient coil is disposed concentric to said excitation coil and 
has a first section with electrical conductors extending in the 
axial direction of the bore on a first side of the bore, and has 
a second section with electrical conductors extending in the 
axial direction of the bore on a second side of the bore opposite 
aaid first side, said electrical conductors of the first section 
being electrically isolated from the electrical conductors of the 
second section across the top of the bore, there being a 
clearance space at the top and at the bottom of the bore between 
conductors of said first section and conductors of said second 
section, thereby reducing interaction between said gradient coil 
and said excitation coil. 
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3 . A system according to Claim 1 wherein said system is an 
MRI system, said system further comprising a split RF shield 
disposed between said excitation coil and said X gradient coil. 

4. A system according to Claim 3 further comprising a Y 
gradient coil disposed concentric to said excitation coil and 
having a first part with electrical conductors extending in the 
axial direction of the bore on the first side of the bore, and 
having a second part with electrical conductors extending in the 
axial direction of the bore on the second side of the bore 
opposite said first side, said electrical conductors of the first 
and the second parts of said Y gradient coil being electrically 
isolated from each other across the top of the bore, said first 
and said second parts of said Y gradient coil being spaced apart 
by said clearance spaces; and 

a Z gradient coil having a first set of plural sections of 
electrical conductors disposed in the axial direction of the bore 
along the first side of the bore, and having a second set of 
plural sections of electrical conductors disposed in the axial 
direction of the bore along the second side of the bore, said, 
electrical conductors of the first and the second sets of said Z 
gradient coil being electrically isolated from each other across 
the top of the bore, and said first and said second sets being 
spaced apart by said clearance spaces at the top and the bottom 
of the bore. 

5. A system according to Claim 3 wherein said magnet 
assembly includes a magnet of nonconductive structure encircling 
said bore . 
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